INTRODUCTION Leptospirosis is a disease of livestock caused by Leptospira interrogans.
Pathogenic leptospires can colonise the kidney and the genital tract, and may be shed in the urine for prolonged periods (12) . Asymptomatic carrier animals are a frequent source of infection and are often difficult to identify.
The practical taxon in Leptospira spp. is the serovar. At present, there are 212 recognised serovars divided into 23 serogroups (19) . Analysis of leptospiral deoxyribonucleic acid (DNA) has revealed the existence of several genetically-distinct groups, the classification of which does not follow the conventional pattern based on antigenic reactivity (39) .
Some serovars are known to have preferential animal reservoirs or to be more frequently associated with a particular clinical form. Serovar identification is therefore necessary for epidemiological surveillance (24) .
Conventional diagnostic methods such as culture isolation and serological techniques do not provide reliable information on the carrier state and are unable to provide rapid serovar identification. In the present report, the development and possible application of alternative techniques will be presented and discussed.
CURRENT DIAGNOSTIC TECHNIQUES
Conventional diagnosis of leptospirosis relies on the detection of serum antibodies. The serological method of choice is the microscopic agglutination test (6, 36) . However, this method may fail to detect antibodies during chronic infections or in the early phase of the disease (8) , and direct demonstration of the presence of L. interrogans in biological samples is required for accurate diagnosis. This can be achieved either by bacteriological culture or by serological techniques. Isolation of leptospires from clinical specimens is labour-intensive and slow, and samples are susceptible to contamination.
Immunoassay methods are much faster than in vitro culture. They can also be more reliable and possess the further advantage of being able to detect microbial antigens in the absence of viable organisms. However, antigen capture tests are hampered by relatively low sensitivity: even with radio-immunoassay the lowest detectable amount of leptospires was 10 4 -10 5 per ml (1) . Various techniques have been employed, using antibodies with a fluorescent tag (9) or an enzyme label which enables subsequent development with a chromogenic substrate (31) . Considerable skill and experience are required to obtain reliable results by these methods.
DIAGNOSTIC TECHNIQUES UNDER EXAMINATION AT THE BRESCIA LABORATORY

Nucleic acid hybridisation: dot blot
Nucleic acid hybridisation techniques have rapidly gained importance as a diagnostic tool for several infectious diseases (23) .
In dot blot hybridisation techniques, samples are treated in various ways to release the nucleic acids so that these can be immobilised directly on a solid surface (usually a nitrocellulose membrane). Pathogen-specific probes generated by molecular cloning or by purified total genomic DNA are then used to detect the pathogen nucleic acid. Dot blot hybridisation has been applied to the detection of leptospires in biological samples by several authors (25, 32, 40, 48) using either radio-labelled total genomic DNA (25, 34) or recombinant DNA probes (40, 48) . Figure 1 shows the results of a dot blot study performed on serial dilutions of hardjoprajitno, hardjobovis and tarassovi DNA (from 1 µg to 10 pg), hybridised to the hardjoprajitno recombinant probe pL590 (27) .
The probe is able to detect as little as 10 pg of hardjoprajitno DNA (corresponding to 10 5 cells), while the limit of sensitivity for hardjobovis and tarassovi DNA is 100 pg and 1,000 pg respectively. The results presented lead to two important conclusions:
a) The dot blot assay has a limit of sensitivity comparable to immunological methods. b) Probes derived from a specific serovar or genotype (in this case hardjoprajitno) are not able to detect all leptospires with the same sensitivity because of the degree of genetic variability within the species L. interrogans.
In view of the genetic heterogeneity between DNAs of different serovars of L. interrogans, it is important that preliminary homology studies are conducted before nucleic acid hybridisation techniques are applied for diagnostic purposes.
CONVENTIONAL CLASSIFICATION OF LEPTOSPIRES
If detection of Leptospira infection alone is difficult, serovar identification is even more complex. The immunological method of choice for serovar identification is the microscopic agglutination and cross-absorption test with serovar-specific hyperimmune sera (7). Two strains are considered different if, after cross-absortion with adequate amounts of heterologous antigen, 10% or more of the heterologous titre remains in either of the two antisera. Such analysis is time-consuming and is often complicated by the presence of cross-reacting antigens between and within serogroups (11) .
This method continues to be the conventional typing tool, despite numerous attempts to supersede it: the properties of lipases were studied in 1965 by Bakoss and Chorvath (2) and in 1967 by Green and colleagues (14) ; in 1969, Haapala and colleagues (15) compared DNA-based compositions, as did Brendle and colleagues in 1974 (3) . In 1974, Chang and colleagues (5) examined axial filament antigens by immunodiffusion analysis. In 1967, Kmety (18) proposed an improvement of the microscopic agglutination test with a factor analysis method. This method has proven complicated and difficult to reproduce in different laboratories.
With the development of monoclonal antibodies, serovar identification has been improved to an acceptable degree (20, 32, 35) . Classification is related to conventional methods for serotyping and is based on the recognition of characteristic antigen patterns of serovars by panels of monoclonal antibodies (MAbs). However, this method cannot be applied to the detection of intraserovar differences, such as those existing within serovar hardjo, which may be important in epidemiology or pathogenicity studies. In view of the above limitations, the search for alternative methods of identification has focused on DNA-based techniques, taking advantage of the recent developments in this field.
Restriction endonuclease analysis
Restriction endonuclease analysis (REA) involves the extraction of DNA from a homogeneous population of organisms, digestion of the DNA with a restriction endonuclease and electrophoresis of the digested DNA in an agarose gel. Because restriction endonucleases recognise and cleave double-stranded DNA at specific sequences, most commonly four or six base-pairs (bp), a set of fragments is generated. The migration of these fragments in agarose gel is related to their molecular weight, thus generating a pattern of bands which is visible by illumination with ultraviolet light¬ after staining with ethidium bromide. These patterns constitute a characteristic "fingerprint" for any particular DNA.
The application of REA to the identification of leptospires was first proposed by Marshall and colleagues (22) . The technique has proven to be sensitive enough to differentiate between Leptospira serovars on the basis of genetic differences (30, 33, 37, 38) . In particular, REA has proven to be a valuable method in solving identification problems related to serovar hardjo in cattle. For many years, it was thought that a single strain was involved, similar (if not identical) to the reference strain hardjoprajitno. The first indication that this was not the case came from REA studies (8, 29, 38) . These studies compared cattle isolates with the reference strain and showed marked differences in the electrophoretic patterns of the genomic DNA. The first geneticallydistinct subtype recognised by this technique was given the name hardjobovis.
The use of REA for identification requires pure leptospiral cultures and a reliable method for the extraction of DNA. Contamination or degraded leptospiral DNA will result in abnormal and uninformative patterns. Furthermore, the agarose concentration of the gel and the experimental conditions of the electrophoretic run must be controlled in order to obtain maximum resolution of DNA fragments.
In addition to these technical problems, there are a number of limitations on the use of REA, such as the difficulty of interpretating complex DNA banding patterns (42) and the lack of discrimination between some genetically-similar serovars (49) . In addition, the need to use relatively large amounts of purified DNA makes this method unsuitable for direct identification of leptospires in body fluids.
Therefore, although REA analysis provides a valuable method of identification, other molecular biology techniques have been introduced to improve detection and classification of Leptospira isolates.
IDENTIFICATION METHODS UNDER EXAMINATION
AT THE BRESCIA LABORATORY
Nucleic acid hybridisation: Southern blot
Several studies have described Southern blot hybridisation as a valuable method for Leptospira classification (27, 28, 40, 42, 49) .
One of the peculiarities of Southern blot analysis is that it combines the advantages of REA and hybridisation techniques, while also providing information about polymorphic variations and relative homology between Leptospira serovars.
The authors have applied Southern blot hybridisation with specific recombinant probes for studies on the classification and homology of L. interrogans, using clones containing repetitive sequences which could provide more informative patterns for serovar identification. The clones involved were pL590 selected from a hardjoprajitno library (27) and T126 selected from a tarassovi library (unpublished findings). It should be noted that pL590 hybridises extensively with the DNA of serovars australis, bratislava, hardjoprajitno, pomona, icterohaemorrhagiae, bataviae, zanoni and canicola, while hybridisation to shermani, tarassovi, castellonis, javanica, grippotyphosa, mini, saxkoebing and the non-pathogenic serovar patoc was lower or absent (Fig. 2) .
Probe T126 gives the opposite result when tested with the sixteen serovars listed above (data not shown).
A series of Southern blot experiments using several independent hardjoprajitno (27) and tarassovi clones confirmed these results.
The authors were able to divide the serovars analysed into three homologous groups: -Group I is characterised by strong hybridisation with hardjoprajitno probes and a weak signal with tarassovi probes. Serovars pomona, bratislava, australis, hardjoprajitno, icterohaemorrhagiae, bataviae, zanoni and canicola belong to this group.
-The strains in Group II do not hybridise with hardjoprajitno probes but give a strong signal when hybridised with tarassovi probes. This group comprises serovars hardjobovis, castellonis, javanica, shermani, tarassovi, mini and saxkoebing.
-Group III shows no hybridisation with tarassovi probes and a very weak signal when hybridised with hardjoprajitno probes. Serovar grippotyphosa belongs to this group. Serovar patoc, belonging to the non-pathogenic species L. biflexa, does not hybridise with any of the probes used in this study.
The data summarised above are substantially in agreement with previous homology studies (26, 34, 42, 47) .
In addition to the different degree of relatedness observed with probes pL590 and T126, the size and the number of the fragments detected were specific for each serovar examined, allowing identification on the basis of individual polymorphic patterns.
The polymorphic patterns obtained with Southern blot analysis, shown in this and other works (42) , are composed of a smaller number of bands than corresponding REA patterns and are therefore easier to interpret (49) . Furthermore, Southern blot hybridisation provides information about the presence of particular sequences, the arrangement of sequences in the genome and possible homology with other strains.
However the technique is time-consuming and is subject to some of the limitations of REA analysis, such as the need for a considerable amount of DNA.
Amplified fragment length polymorphism
An alternative approach for serovar characterisation is represented by DNA "amplification fingerprinting" or amplified fragment length polymorphism (AFLP) (44) . Recently, several authors have used this strategy to detect genetic differences between organisms (4,43,44).
This assay is based on amplification of random DNA segments with single primers of arbitrary nucleotide sequence.
With appropriate conditions (annealing temperature, concentration of genomic DNA and cycle number), it is possible to obtain a characteristic spectrum of short DNA products, the number and size of which is specific for a particular strain, serovar or genetic variant (Fig. 3) .
The authors have performed AFLP reactions on five Leptospira serovars, using a set of different oligonucleotides of variable sequence. One primer was used for each reaction. Reproducible amplifications and banding patterns which were easy to interpret could be obtained with only two of the ten oligonucleotides tested.
Preliminary results are presented in Figure 4 and show specific polymorphic patterns for the five serovars tested.
This method is simple to perform but requires purified Leptospira DNA and is not suitable for direct detection and characterisation of Leptospira strains in biological samples. 
METHODS FOR THE COMBINED DEMONSTRATION AND IDENTIFICATION OF LEPTOSPIRES
Polymerase chain reaction
The polymerase chain reaction (PCR) consists of enzymatic amplification of a target DNA sequence through a series of polymerisations carried out by a heat-resistant DNA polymerase, primed from a pair of short DNA fragments (primers) which bind specifically to the sequence of interest. Usually, the amplified DNA produced by this reaction can be easily visualised on agarose gel.
In the field of leptospirosis, van Eys and colleagues (41) and Woodward and colleagues (46) have developed a PCR test to detect genotype hardjobovis DNA in bovine urine. Other workers have reported a PCR assay for detection of serovar copenhageni in human serum (13).
These studies have described PCR for specific detection of one or a small number of Leptospira serovars or genotypes.
The authors are developing an alternative approach which involves the selection of primers able to amplify DNA from most Leptospira strains followed by rapid serovar characterisation by REA.
Synthetic oligonucleotide sequences were selected from the sequence of the clones pL590 and T126 described above.
PCR was first developed with primers of clone pL590 derived from hardjoprajitno: a 619 bp DNA fragment (corresponding to a portion of the repetitive element) was sequenced and two oligonucleotides were selected for amplification. These results are in agreement with previous studies using Southern hybridisation.
A different PCR assay was performed using primers derived from an 850 bp sequence of clone T126. The expected fragment length after amplification was 400 bp.
PCR on the DNA of the sixteen Leptospira interrogans serovars gave the following results ( Fig. 5) Photograph of an agarose gel (1.5%) of a polymerase chain reaction performed on serovars of Leptospira interrogans using primers of clone T126 (derived from serovar tarassovi) serovars zanoni and icterohaemorrhagiae) and a strong band for Group II serovars (tarassovi, hardjobovis, castellonis, shermani, javanica, mini and saxkoebing).
No amplification was detected with DNA from non-pathogenic Group III serovars patoc and andamana (Fig. 5) , several bacteria species and eukaryotic cells (see above). Data obtained through PCR therefore reflect the results of previous Southern blot studies.
The assays described have a very high sensitivity and specificity. The authors were able to detect as few as 5-10 cells by PCR with both sets of primers (data not shown), and no amplification was seen on DNA from different bacteria and eukaryotic celllines. In addition, these assays work with all the serovars tested with the exception of grippotyphosa, which does not hybridise to the probes used on Southern blot. This problem will be solved using better-conserved sequences or selecting new primers from a grippotyphosa library.
Detection by polymerase chain reaction
One of the drawbacks in the use of PCR to diagnose infectious diseases is the necessity of hybridising PCR products with a specific probe in order to avoid detecting aspecific amplified products, as may occasionally occur with biological samples (16, 17, 21) .
There are thus several problems involved in the routine application of PCR in a diagnostic laboratory; in particular the use of radioactive isotopes and the delay of two or three days required by autoradiography.
To overcome these problems, the authors are developing a microtitre-based assay for the detection of PCR-amplified DNA sequences of L. interrogans.
In this assay, primers derived from a pL590 sequence are labelled with biotin at the 5' end and incorporated in the course of the PCR reaction, resulting in biotin-labelled amplified products. Following amplification, an aliquot of the PCR product is denatured and hybridised to a capture DNA sequence immobilised in a microtitre well. The capture sequence is complementary to a portion of the sequence between the primers, so that only specific Leptospira DNA amplification products are captured. The captured DNA is detected colorimetrically by using a streptavidin-peroxidase conjugate and tetramethylbenzidine substrate (Fig. 6 ).
FIG. 6
Schematic representation of the detection of DNA amplified polymerase chain reaction, using a streptavidin-peroxidase conjugate and tetramethylbenzidine (TMB) substrate
In order to verify the sensitivity and specificity of the test, it was applied to the detection of serial dilutions of hardjoprajitno DNA (as low as 10-2 pg) and to several negative controls. The results show the test to be highly specific (no background was found for DNA of eukaryotic cell-lines and L. biflexa) and as sensitive as the agarose gel (as low as 10 -1 pg, corresponding to 100 leptospires) (Fig. 7) , although less sensitive than Southern blot hybridisation (10-2 pg, corresponding to approximately 5-10 leptospires) (data not shown). Although more work has to be done to improve sensitivity, the combination of the advantages of PCR with the simplicity of a conventional microtitre-based assay makes this test particularly suitable for diagnosis.
Analysis by polymerase chain reaction
The PCR assay described above is able to detect most Leptospira serovars, but is unable to discriminate between them.
For this purpose, a REA step has been added to the PCR-amplified products.
In this test, after a PCR reaction which can be performed either on purified DNA or directly on biological samples, the resulting amplified fragment is digested with a restriction enzyme which recognises and cleaves at specific sites. Digestion of amplified products of two different serovars will result in fragments which differ in number and size. Electrophoresis will then produce a polymorphic pattern specific for each serovar (Fig. 8) .
The authors performed this analysis using pL590-selected primers for amplification, assuming that REA analysis of a repetitive genomic fragment (previously amplified by PCR) would increase the probability of detecting genomic variability between serovars. The fragments obtained from serovars australis, bratislava, lora, pomona, icterohaemorrhagiae, bataviae, canicola, hardjoprajitno, hardjobovis and tarassovi were digested with several enzymes (Alul, HaeIII, TaqI, MseI, AfIII, BspHI, FokI, HinfI, SauI and DdeI) chosen after examination of the sequence of the 619 bp pL590 fragment. Specific polymorphic patterns were obtained for most of the serovars tested when digested with HinfI ( Fig. 9) and DdeI (data not shown 
FIG. 9
Gel electrophoresis of Hinfl-digested amplified polymerase chain reaction products from serovars of Leptospira interrogans Electrophoresis was performed using 4% Nusieve agarose gel
The authors performed PCR on several (ten pomona) isolates previously identified by Southern blot hybridisation and MAb analysis. The PCR products were further characterised by digestion with HinfI and DdeI restriction enzymes. The results are in agreement with the previous analysis, showing that this method can be reproduced (data not shown).
This approach requires a single amplified product and a good yield of amplification. In addition, more enzymes should be tested in order to distinguish between geneticallysimilar serovars. However, the combination of these tests (microtitre-based hybridisation and REA characterisation of PCR products) opens interesting perspectives for the detection and characterisation of leptospires in biological samples.
Although more work has to be done to improve sensitivity, the combination of the advantages of PCR with the simplicity of a conventional microtitre-based assay makes this test particularly suitable for diagnosis.
Analysis by polymerase chain reaction
FIG. 9
This approach requires a single amplified product and a good yield of amplification. In addition, more enzymes should be tested in order to distinguish between geneticallysimilar serovars. However, the combination of these tests (microtitre-based hybridisation and REA characterisation of PCR products) opens interesting perspectives for the detection and characterisation of leptospires in biological samples. PALABRAS CLAVE: Amplificación en cadena por polimerasa -Análisis por enzimas de restricción (endonucleasas) -Detección -Hibridación del ácido nucleico -Hibridación en microplacas -Leptospira interrogansReconocimiento de un «serovar» -Southern blot -Técnicas de diagnóstico.
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